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AHHOTaums

B cBA3K C pOCTOM KOHKYPEHLMWN Ha PbIHKE OCTPO CTOUT npob/iema noBbiLLeHns 3(eKTVBHOCTM
06paboTKM Ha CTaHKax C YMCNOBbIM NPOrpaMMHbIM yrpasneHvem (411Y). Kpome Toro, cerogHs
npeanpuaTusM Hago 06ecneynTb COOTBETCTBME BbIMYCKaeMOM MNPOAYKUMKM  TpeboBaHMAM
MeXxayHapoaHbix ctaHzaptoB ISO. B HacTosuee Bpems B Poccum MOET aKTMBHOE BHeApeHue
HOBbIX aBTOMAaTWU3MPOBAHHbLIX CPEACTB MH(OPMAaLMOHHOM NOAAEPXKKM M3LeNNiA Ha BCex aTanax
YKU3HEHHOTO LiMKna.

B cratbe paccMOTpeHbl MoOfenu YMnpasfieHWs CTaHKaMu C  YUCNOBbIM  MPOrPamMHbIM
ynpasneHvem. CpenaH BbiBOA, 06 3(h(EeKTUBHOCTM NPUMEHEHWUS HEMPOHHBIX CeTei Ans paboThl C
[aHHbIM TUMOM CTaHKOB. MNpuBeLeH NpUMep HEMPOHHOM CETU C ABYMS CKPbITLIMU CNIOAMMU € 3 1 5
HelipOHaMn COOTBETCTBEHHO.

KntoueBble €noBa: NPOMbILLNEHHOCTb; YrNpaB/ieHWe; HeMpPOHHasA CeTb; YMCN0BOE MPOrpaMMHOe
ynpas/fieHve; aBTOMaTU3MPOBaHHbIE CUCTEMDI.
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Abstract

Due to increasing competition in the market, there is an acute problem of increasing efficiency of
processing on the machines with computerized numerical control (CNC). Besides, enterprises
nowadays have to ensure compliance of products with the requirements of I1SO international
standards. At present, Russia is going through an active introduction of new automated tools of
information support of products at all stages of the life cycle.

The article discusses the model of management of machine tools with numerical control. The
authors draw a conclusion about the efficiency of utilizing neural networks to operate with this
type of machines. They also provide an example of a neural network with two hidden layerswith3
and 5neurons respectively.

Keywords: industry; management; neural network; numerical control; automated systems.
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BeepgeHue

B CBA3M C POCTOM KOHKYPEHLUMM Ha pbIHKe
OCTPO CTOMT npo6siema MoBbILLEeHUA 3PHEKTUBHOCTY
06paboTKN Ha CTaHKax C YMC/OBbIM MPOrpaMMHbIM
ynpasneHnem (411Y). Kpome TOro, cerogHs
npegnpuaTMAM  Hago 06ecrneuntb  COOTBETCTBUE
BbIMyCKaeMoi NpoAyKUmMK TpeboBaHNAM
MeXAYyHapoaHbIX cTaHgaptos 1SO. B HacTtosllee
Bpemsi B Poccun UAET aKTMBHOE BHepeHWe HOBbIX
aBTOMAaTU3NPOBaHHbIX CPeACTB  MH(OPMaLMOHHOW
NOLAEPXKKN W3AENUIA Ha BCeX 3Tanax >XM3HEHHOro
uvMKna. Ha MHorux npegnpusatus npeo6nagaet
Me/IKOCEPUIMHOE U efMHWYHOEe  MPOU3BOLCTBO
petanein ¢ (hopmoobpasytoLleil  MOBEPXHOCTbLIO
CNOXHOW hopmbl. Mpy aTOM 06paboTka BedeTCs Ha
BbICOKMX  CKOPOCTAX €  GofblumMMKM  nofavamu
JeTanei. BonbLmm MPevMyLLECTBOM
obpabatbiBalolmMxX LeHTpoB ¢ YIY, sdBnsetca
CHVXXeHMe TpeboBaHMiA K KBaMhnKaLmm
obcnyXusarowlero nepcoHana.  OpHako, 06LLMM
HefocTaTKoM cuctem ¢ UMY sBnsetca 3aBUCMMOCTb
€ro 39KCrM/yaTayMoHHbIX MapamMeTpoB, TakuUX Kak
CKOPOCTb BpaLLeHWs LWINUHAENA U CKOPOCTb Mofayn,
ot nporpammbl yrnpas/ieHns, BHOCKMOW
NporpaMM1CTOM WM NOCTOSAHHOM 6a3bl NapaMeTpoB.
B pesynbTare, MHOrme cuctembl ¢ UMY pab6oTatoT
HeapeKTMBHO.

MeToabl ynpasneHns NPOMbILWNEHHbIM
06opyaoBaHneMm

B HacTosiwlee Bpems 3afjaya  MOBbILLEHUS
NpPoV3BOANTENLHOCTU 006pPaboTKM AeTaneit pellaeTcs
MeTo4aMMn afanTVBHOIO ONTUMAa/IbHOIO YMpaB/ieHUs
C 6onbwuM  fonyuleHVeM,  MoapasyMeBaeTcs
MOCTOSIHCTBO BXOAHbIX NapameTpoB n3genus. Teopus
aflanTBHOIO, ONTUMAILHOTO M KNacCMYecKoro

ynpaBneHns  6asnpoBa/iUCb, B  3HAYUTE/IbHOM
CTEMNeHW, Ha miee nNuHeapusauun cuctem. Ons wx
MPaKTUYeCKOro NpUMeHeHNS TpeboBaiacb
paspaboTka MaTemaTUyeCcKmx mogenei. B

[elCTBUTENIBHOCTY >Xe eCin U YAaeTcs MOCTPOUTb
MOZe/lb TOYHO OTPaKAIOLLYHO CBA3b MEXAY BbIXO40M
W BXOAOM CWUCTEMbI, TO OHA 4acTO OKa3blBaeTCs
HENPUrogHoON ana Lenei ynpaesneHus. MpakTuyecku
npYemMIeMbIMK MOTYT ObITb TO/IbKO MOAENN C HU3KOM
4yBCTBUTE/IbHOCTLIO MO  nNapameTtpam [2, 3], uTO
CNOXHO 06ecneyunTb AN HENMHEHbIX CUCTEM.
Cratuctunyeckue mozenn ynpaB/neHns
nonfyynnn Havbonee LUMPOKOE MPUMMEHeHWe B
COBPEMeHHbIX cucTemax. CraTtuyeckue Mogenu
MO3BO/MIAIOT MPOBECTU MPOBEPKY HA aJeKBaTHOCTb
nyTeM WCCNeA0BaHWS YaCTOTHbIX XapaKTepuCTUK C
1CNOMb30BaHNEM CMEKTPA/IbHOTO aHasm3a Tak ke
OHW ABNAOTCA 6O/Mee NPOCTbIMK, MO CPaBHEHWIO C
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APYTMMU  MOLENSMU  CUCTEM  ynpasneHus. [Mpu
MOMOLLM Takoro MeTofa MOXHO WCCNeaoBaTh
MOBEAEHME  KOHCTPYKUMM B OMPeAe/ieHHOM
AnanasoHe 4acToT MyTeM aHaimM3a YacTOTHbIX
XapaKTepUCTUK MeTofaMu  KNacCU4ecKoil Teopuu

ynpaBneHus. K HefocTaTKaMm OTHOCATCS:
HeJoCcTaToyHas  TOYHOCTb UM OTCYTCTBME Y
NCMOMb3YEMbIX  MEPEMEHHbIX X MapameTpoB

(P131YECKOr0 CMbICIa.

AfanTyBHOe YMpaB/ieHne OCHOBbIBAETCA Ha
maTemMaTnyecKnX Mopensx, OMUCHIBAIOLLMX
(hm3nyeckme npouecchbl 1 ABneHus. BosgeiicTBne Ha
yrnpaBnsemMblii MpPoLECC BeAeTCs COrflacHO LeNeBol
(hYHKUMKN - 3aKOHa YNpaBfieHus, HanpaB/eHHOro Ha
[OCTUKEHME n nofaepxaHvie Hanbosnee
3(hheKTMBHOIO 3Ha4YeHUs Kakoro-nnbo napameTpa
[1, 5, 6].

K aganTuBHOMY  YMpaBfeHUO  OTHOCATCH
yrpaBfieHWe Ha OCHOBE HEYeTKOM JIOruKW, C
CaMOHaCTPOVKOIA, 0606LLEHHO-MPOrHO3MpYHoLLIEe
ynpasneHve [1].

Bce 3T cnocobbl ynpaBneHUs He MOyynm
LUIMPOKOrO pacnpocTpaHeHus. Ho npuMeHsoTcA B
Pas/IMUHbIX TEXHUYECKUX cucTemMax. OCHOBHbIMM
HegocTaTKaMU AaHHOro Tuna ynpas/eHns SBseTcs
HeobXxo4MMOCTb MOCTOSAHHO onpegensTb
afleKBaTHOCTb ~ MaTemaTuyeckon  mogenn.  He
CyLlecTByeT MeTOA0B aBTOMAaTW3auuMu  [aHHOro
npouecca. OCHOBHbIM HeAOCTAaTKOM afanTUBHOIO
TMNa ynpaeneHus SBNSETCA ero Manas rMOKOCTb.
Mpy M3MeHeHUAX B 0ObLEKTE YMpaBNeHUs WU BO
BHELUHUX  ycnoBuax TpebyeTcs  MepecTpanBathb
Mofenb W OnpedensTb N5 Hee HOBbIA 3aKOH
ynpaeneHnsi. Taknum 06pa3oM, TpebyeTcs MOCTOSHHO
«BPYYHYHO» onpegensTb a[leKBaTHOCTb
mMaTeMaTn4ecKo Moaenn.

MpnUMeHeHNe CUCTEM UCKYCCTBEHHOIO
NHTeNNeKTa Ha TOKapHbIX cTaHkax ¢ YUly

OfHUM 13 BaXKHEMLIMX MoKasaTenieli KayecTBa
M3rOTOBNSIEMbIX  BbICOKOTOYHbIX  AeTaslell  Ha
TOKapHbIX CTaHkax ¢ UMY saBnseTca obecneyeHve
KOHCTPYKLUMOHHO-3afjaHHbIX 3HaYeHWiA
MaKCUMa/IbHbIX OTK/IOHEHWI OT reoMeTPUYECKON
(opMbl  06pabaTbiBaEMbIX 3aroTOBOK MO  AJIMHE
06paboTKM.

B nocnepgHee Bpems NOSBUNUCL HOBbIE CMOCOObI
perynnpoBaHns, Takne Kak HeipoperynmposaHue u
HeyeTkas Jlormka. 3ATW Cnocobbl OTHOCATCA K
KaTeropum  WHTENNeKTyaNlbHbIX M MO3BONAKOT
peann3oBaTb /1060 Tpebyemblil Ans  npouecca
HEJIMHEMHbIA aNropuTM YNpas/ieHUs, Npu HeMoHOM,
HETOYHOM OnMcaHMN 06beKTa yNpaBIeHUs.
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OfHUM U3 Hanpas/eHWn COBepLUEHCTBOBaHUSA
npouecca  06paboTKM  Ha  CTaHKax uny,
NPMMeHsieMbIM Kak B Hallel CTpaHe, Tak U 3a
py6eXxXom, ABNISeTCA NnpUMeHeHve cucTeM
MCKYCCTBEHHOI0 MHTENNEKTa. B KayecTBe 3/eMEHTOB
CUCTEM WCKYCCTBEHHOIO WHTE/NeKTa Npeanaraercs
MCMNONb30BaTb HEMPOHHbIE CETU.

Haunbonee 4acTo He/pOHHbIe cetn
MCMONbL3YIOTCA ANA PELLEHNs CNefyrowWwmX 3aaau:

* Knaccugukaums 06pa3oB - yKasaHvWe Ha
NPUHAAIEXXHOCTb BXOLHOro 06pa3a,
NpeLCTaB/IEeHHOr0 BEKTOPOM MPU3HAKOB, OAHOMY W/N
HECKONbKMM  NpefBapuTeNibHO  OnpejesieHHbIM
Kraccam;

* K/acTepusaums - Knaccugukaums 06pasos
npyv  OTCYTCTBUM Y4eOHOM BbIGOPKM C MeTKaMm
K/1accos;

* pOrHo3VpoBaHve -
3Ha4eHus y(tn+1) npu
nocnegosarensHocT y(t 1), y(t2) ... y(tn);

e onTUMU3aUMA - OBHapy>KeHue peLleHus,
KOTOpOe Y[0B/IETBOPSET CUCTEMY OFpPaHWUYeHUn 1
MaKCUMWU3NPYET UK MUHUMU3UPYET  LIeNIeBYHO
(hyHKUMIO. MMamaTb, KOTOpas afpecyeTtcsa Nno CMbICy
(accoumatmBHas namsTb) - NamsTb, JOCTYNHasA Npu
yKa3aHuM 3aJaHHOr0 COAepXKaHus;

e ynpaBfieHWe - pacyeT Takoro BXOAHOro
BNAHMS Ha CUCTEMY, 3a KOTOpPbIA cucTema paboTaeT
M0 YKenaTenbHOW TPaeKTopuK.

CTpYKTYpHOM  OCHOBOW  HeWpOHHOW  ceTu
ABNAeTCA (hOpPMasibHbI HEpoH. HelpoHHble ceTn
BO3HMK/IN K3 MOMbITOK BOCCO34aTb CMOCOGHOCTb
OMOMOrNYeCKNX  CUCTEM  YUUTbCH,  MOJAENMpys
HWU3KOKOPHEBYIO CTPYKTYpy Mo3ra. [ns 3Toro B
OCHOBY HENpPOCETEBOM MOAENN NOXWTCA 3MIEMEHT,
KOTOpbIA  UMUTUPYET B MEPBOM  MPUBAVKEHUN
CBOWCTBa OGMOMOMMYECKOro HeilpoHa - (opMasibHbIN
HeMpoH(ganee MpOCTO  HeilpoH). B opraHusme
4esioBeKa HerpoHbl 3TO 0CO6Oble KNETKM, CMOCOOHBI
pacnpoCTPaHATh 31EKTPOXUMUYECKWE CUTHASTbI.

Mpenmvywectsamn HC nepeg TpagvuMOHHLIMA
cucTemMamuy ynpas/eHNs SBMISETCA:

1 cnonb3oBaHWe  HENMHEMHBLIX  (PYHKLWIA
aKTMBaUMW B HEWPOHHbIX  CETAX  MO3BONSET
peasn3oBaTb KEVIECTY C CYLLEeCTBEHHbIMM
HENMHENHOCTAMM;

2. HC wmoryT ob6y4yatbCcs NHOObIM  QYHKLMAM,
BaXXEH TO/MbKO 06beM MPeAoCTaBNEHHbIX AaHHbIX K
BbIGOP MpPaBW/IbHOM HEMPOHHON Mogenn. Takum

npeaycMoTpeHue
N3BECTHOWN

3(h(heKTUBHOCTMYNpPaBNEHUA CTaHKamMi C HACNOBLIM NPOrpaMMHbIM ynpasneHuem / /
HayuHblii pesynbTaT. H(opmaLnoHHble TexHonornu. - T.1, Ne3,2016.

obpasom HC no3sonatoT m3bexaTb UCMOo/b30BaHUA
CNOXHOI0 MaTeMaTuyecKoro annapara;
3. HC gaBndoTca camoobyyaeMbIMy CUCTEMAMM.

OTO  03HayaeT  BO3MOXHOCTb  OCYLLECTBNATb
yrpas/ieHve B YCNoBUAX CYLLECTBEHHbIX
He/IMHeHOCTeN;

4. Boicokasa cTeneHb  napannensHoctn  HC
obecrneumBaeT  BbICOKYKD  MPOW3BOAWTENIbHOCTb
BbIUUC/IEHUNA;

5. ApxuTekTypa MapanfiefbHoli  06paboTKu
nossonsieT HC  QyHKUMOHWpOBaTL fAake MNpw
NOBPEXAEHNW OTAENbHbIX 3N1EMEHTOB ceTu [8-10].

3 aToro crefyet, YTO HEMPOHHbIE CETU UMEKT
60o/blUMe MepcrnekTMBbl B 06/1aCTU  yMnpaB/ieHus
CNOXHbIM TEXHO/IOrMYECKUM 060pYL0BaHMEM.

Mo cpaBHEHUIO C TPaAULMOHHLIMU MeToAamu
yrpasfieHns, Npu NPUMEHEHUN HENPOHHBIX CUCTEM,
HE HY)XHO CO03jaBaTb TOYHYKH MaTeMaTU4YecKyto
Mozenb, TO/bKO MozeNb ynpaB/eHns
HenocpesCTBEHHO MO  MOCTaB/IEHHLIM  YC/OBUSIM.
OnTuMasbHble BbIXOAHbIE 3HAYEHUS (POPMUPYIOTCS
MO OTK/IOHEHWIO U CKOPOCTU U3MEHEHUSI OTK/IOHEHWS
N3MEPSEMOI BEMUMHBI U 33[aHHOr0  3HAYeHWS.
PesynbTar  nosny4vaetca  60nee  [OCTOBEPHbIM,
OCOGEHHO B CpaBHEHWW C HeonpeeneHHoW U
He/IMHENHON cucTeMaMun ynpaeneHns. B cBA3n C
HE/IMHEAHBbIMA 1 U3MEHSIOLMMUCA BO  BPEMEHM
XapakTepuCcTUKaMM 1 BbICOKOW CKOPOCTM 06paboTKu
fetann, TPYAHO MCMOMb30BaTb MaTeMaTUYecKyto
MOZenb [AnA  OnuUcaHus  npouecca 06paboTku,
No3TOMy npeanaraeTca NPUMEHUTL HERPOHHYHO CETb
ONS MOLEeNMpoBaHnsA npouecca (hpes3epoBaHus, 41
YCTaHOB/MIEHMSI  HENVHEHON 3aBUCUMOCTU  MEXAY
napameTpamMun 06paboTKM 1 CUMbI PE3aHNSI.

Mpn 06paboTKe Ha CTaHKe HeobxoauMble
JaHHble 0 (akTUYecKu nosyyaembIX pasmepax
fetanein Ana HeMpOHHbIX CeTell MOXHO Mo/yyatb
aBTOMaTN4ecKu c MOMOLLBHO NnasepHbIX
M3MepUTeNbHbIX NPUGOPOB WM BBOLUTL BPYUHYHO.
Monyyas faHHble U OTCMEXMBas UX HEMPOHHas CeTb
OyfeT CcaMOCTOSITE/IbHO MNPUHUMATL pPELUeHVE O
Heo6X0AMMOCTN  pa3MepHO U KMHEMATUYEeCKON
MOAHACTPOMKM CTaHKa 1 NPOU3BOANTL HEOOXOANMbIE
KOPPEeKLMN ynpassoLWLmX NporpaMm Ans CTaHKOB C
yny.

Ha pucyHke nokasaHa HeMpoHHas  CeTb,
No3BONAOLLAS  peryiMpoBarb  YCWIME — Pesku
(hpe3epHOro cTaHka.
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Puc. HeiipoHHasceTb
Fig. Neural network

CyLlecTByeT MHOXECTBO BWAOB anropuTtMOB
00y4YeHMst HEepPOHHOM CEeTM Ha OCHOBE CKOPOCTM
CXOAMMOCTW anropuTMa, MCMOoNb30BaHWS MamsaTn u
T.4. B pgaHHOmM cnyyae, (pyHKUMA  00yyeHus
BblOMpaeTcs Kak (yHKUmMa JleBeH6epra-MapkeapAra.
Konunyectso BXOAHbIX HelipoHOB 3,
NpeaCcTaBNAOLLMX napameTpsl; KO/MIMYeCTBO
BbIXOHbIX HEMPOHOB paBHO 1

Yncno ys3noB CKPbITOrO C/10s HepOHOB MMeeT
Gonbllee  BAWAHWME  HA  MPOW3BOAMTENILHOCTb
HEMPOHHON CeTW, CAMLLIKOM 60MblIOe KONNYECTBO
Yy3/10B  BbI3blBAaeT OWWOKM B  00y4YyeHUM w
TECTUPOBAHUW CETU, CAULLKOM Masloe - CHUKEHUE

0TKa30yCTONYMBOCTY cetu, npasunnLHOE
pacrnosHaBaHue CKOpOCTYU n BO3MOXKHOCTb
06006LLeHMS.

Ona  Toro, 4TOObI  ObICTpEE  [OCTUYL

Heob6XoAMMOl  CKOPOCTU U MOMyYUTb  BbICOKYHO
TOYHOCTb UCMbITAHUSA, YACNO CKPbITbIX C/I0EB PaBHO
2, KO/IMYECTBO HEMPOHOB - 3 U 5 COOTBETCTBEHHO.

BoiBobl

MpuMeHeHVWe  HelipoCeTeBbIX  TEXHOJOrWi
MO3BO/AET NOBbICUTL MPON3BOAMTENLHOCTb CTaHKa C
UMY 3a cuyeT MOBbILWEHUS TOYHOCTU TOKAPHOA
00paboTKM  NyTeM  WU3MEHEHMS  MONOXEHUs U
TPAeKTOPUN  ABUKEHUS pexyLuei KPOMKM
WHCTPYMeHTa c y4eToM reoMeTpUYeCcKol
HETOYHOCTW CTaHKa.

Takum 06pa3om, NPUMEHEHNE HEMPOHHbIX CETel
npyv MOAENMPOBaHUM CUCTEM YNpPaB/IeHUS CTaHKOB C

Uny gasnsetcA 6Gonee MePCNeKTUBHLIMU, YEM
TPaguLMOHHbIE CUCTEMbI YTIPaBIeHus.
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